Background. In children, colonoscopy is a safe procedure, although it is more difficult to perform in patients whose body mass index (BMI) is under 25.
Introduction
The large intestine (LI) is evaluated using various diagnostic methods, 1 and data defining the colon provided by different authors can differ to a great degree. 2, 3 The number of flexures in the LI is usually 9-10, but it may be as high as 19 . 2, 4, 5 The right colic flexures (RCF), left colic flexures (LCF) and the descending-sigmoid flexure (DSF) constitute sections with significantly limited mobility. Due to their attachment to the mesentery, the transverse colon (TC) and the sigmoid colon (SC) are the most movable sections. We refer to such segments as critical points (CPs). Previously published papers have provided a detailed assessment of the morphology of the entire LI, the mesentery and an analysis of position alterations of selected CPs (e.g., the RCF, LCF and DSF) in relation to the abdominal cavity, secondary to changes in body position. 6, 7 The entire length of the LI is 56.5 ±2.7 cm in infants, 107.8 ±4.5 cm in 2-year-olds, 122.4 ±5.7 cm in 5-yearolds, and up to 180-190 cm in adults. 3, 5, 7 Optical colonoscopy is the gold standard for the evaluation of the colon. 2, 8 One of the quality parameters of endoscopy is intubation of the terminal ileum (TI) through the ileocecal valve. [9] [10] [11] [12] Inserting the endoscope into the cecum is recommended in ≥90% of routine examinations and in ≥95% of screening examinations. 13, 14 Difficulties associated with the insertion of the endoscope can be overcome by maneuvers such as changing the patient's position or pressing the patient's abdominal wall. If these techniques fail, another colonoscope or a gastroscope may be used. [15] [16] [17] One of the indirect parameters related to insertion difficulties and the anatomic complexity of the LI is the time needed to reach the cecum. [18] [19] [20] Previous research has analyzed in particular the relationship between colonoscopic difficulties and the patients' gender, age, body mass and height, body mass index (BMI), waist circumference, and intra-abdominal fat. 6, 15, [18] [19] [20] [21] Complications related to instrument insertion, including intestinal perforation, occur in only a minor percentage of patients. 22, 23 The aim of this study was to establish the relationships between the age, body mass and height of the children and incomplete colonoscopies due to colon anatomy-related difficulties.
Material and methods
The paper is based on a 5-year retrospective observational study (2012) (2013) (2014) (2015) (2016) , performed according to the Declaration of Helsinki and approved by the Wroclaw Medical University Bioethics Committee (resolution No. 667/2017). The colonoscopies were performed under general anesthesia at the 2 nd Pediatrics, Gastroenterology and Nutrition Department at Wroclaw Medical University, Poland. The colonoscopic examinations were performed in the same conditions (between 8 a.m. and 2 p.m., in the same lab with the same personnel and equipment). All the examinations were performed by 2 specialists in gastroenterology with more than 10 years of experience in endoscopy, both holding the Polish Society of Gastroenterology Certificate of Advanced Skills in Colonoscopy.
The study included 403 children (192 girls and 211 boys) aged from 3 to 18 years. The body mass of the patients ranged between 12 kg and 92 kg, and the body height was between 92 cm and 188 cm. Every child's weight and height were measured on the day of colonoscopy. The preparation of the LI was either very good or good (8-9 points according to the Boston Bowel Preparation Scale).
Indications for the examination included inflammatory bowel disease (IBD) in 290 cases (199 follow-up examinations to assess current disease activity and 91 cases of suspected IBD), and gastrointestinal bleeding in the remaining 113 cases.
Written informed consent of the parent or legal guardian was obtained before the examination. The colonoscopies were performed with Olympus CFQ 165 L and PCF 160 AL colonoscopes (Olympus Corp., Tokyo, Japan) and the Pentax EC 3840MK2 colonoscope (Pentax Medical, Tokyo, Japan). The small number of examinations ensured that there was no wearing or tearing of scopes in the period analyzed. The patients' medical history was obtained, including past abdominal surgery. Typical pre-exam preparations involved purging with macrogol (Fortrans ® ; Ipsen Pharma, Paris, France), dosed according to body mass, orally or via a gastric tube; additionally, on the preceding day and the examination day, enemas were performed with solutions of hydrogen phosphates (Enema ® ; Laboratorium Galenowe Olsztyn, Olsztyn, Poland, or Rectanal ® ; Farmaceutyczno-Chemiczna Spółdzielnia Pracy Galenus, Warszawa, Poland). In the case of 24 children over the age of 15, an oral phosphate product was used (Fleet Phosphosoda ® ; Labarotorios Casen-Fleet S. L., Zaragoza, Spain). An examination in which the colonoscope reached the TI was considered a complete colonoscopy (CC); if the colonoscope did not reach the TI, the examination was regarded as an incomplete colonoscopy (IC). The ICs were divided into 2 subgroups: incomplete pathological colonoscopies (IPCs) and incomplete anatomy-related colonoscopies (IACs). Incomplete pathological colonoscopies were primarily caused by major inflammatory changes in the LI, posing a risk of perforations; IACs were those involving unusual LI anatomy or unknown causes.
The data obtained were used to calculate 2 ratios that estimate the risk of performing an incomplete colonoscopy for non-pathological causes (anatomic or unknown) in children with specific characteristics, e.g., age, body mass or height. We retrospectively calculated these indices (i.a., related to complex bowel anatomy and the given technical scope of the examiner) for our study cohort in order to apply them in subsequent examinations of children with similar demographic parameters.
The incomplete colonoscopy anatomy-related ratio (ICAR)
ICAR = IAC : CC where IAC is the number of incomplete colonoscopies with anatomical or unknown causes and CC is the number of complete colonoscopies. The smaller the value of the index, the higher the chance of performing a complete colonoscopy. For example, if a single IAC occurred in a group of 100 examined children aged X, the calculated index value would be 0.01. This value means that in a given lab, it is to be expected that an examination will fail for anatomical or unknown reasons in 1 future case out of 100.
The modified incomplete colonoscopy anatomy-related ratio (MICAR)
The second ratio refers to the reducing possibility of not completing the examination due to anatomical reasons after reaching subsequent CPs.
MICAR (CP) = IACCP : CC
where IACCP is the number of incomplete colonoscopies (for anatomical or unknown reasons) that occurred before a particular analyzed CP, and CC is the number of complete colonoscopies. The IACCP is calculated by subtracting the number of examination interruptions at CPs already passed by the colonoscope from the total number of IACs. Assuming hypothetically that 100 examinations were performed in a cohort with certain demographic characteristics, of which 5 were ended at the splenic flexure and 4 at the hepatic flexure (a total of 9 incomplete exams), then as the scope approaches the splenic flexure the value of the index is 0.09; after it passes the LCF, the index drops to 0.04; after it passes the RCF, the index drops to 0.0. The index value indicates that in subsequent examinations, the risk of discontinuation at the LCF is 9 in 100, while after passing the LCF, it falls to 5 in 100, and after passing the RCF, there is no risk that the examination will be discontinued.
The ICAR is a fixed value for a given patient group, while the MICAR reflects the risk of non-completion decreasing as the scope passes subsequent bowel segments and flexures. We define difficult colon anatomy as a complicated 3D structure that causes an incomplete colonoscopy because of its flexures and/or atypical mesenteries.
Statistical analysis
The statistical analysis was carried out using STATIS-TICA v. 12 software (StatSoft Inc., Tulsa, USA). The χ 2 test and Fisher's exact test were used for qualitative data analysis. Relevant confidence intervals were estimated (95% CI). Relative risk (RR), sensitivity and specificity of the parameters studied were determined. The significance level for the study was p < 0.05.
Results
In 290 cases the examination confirmed IBD, while in the remaining 113 children the causes were as follows: 34 cases of gastrointestinal tract infections (among them Campylobacter, Yersinia or Clostridium); 10 cases of Meckel's diverticulum (the patients had isotope scans; 8 children underwent surgery, while the symptoms of the other 2 subsided with conservative management); 5 cases of isolated rectal ulcers; 8 cases of familial polyposis; 8 cases of polyps unrelated to polyposis; and in the remaining 48 cases, the cause of the presenting complaints remained unidentified. Some of these 48 children suffered from chronic constipation and we presume that the bleeding was related to lesions in the sphincter area (the bleeding coincided with the passing of stool). Some of the patients underwent magnetic resonance (MR) enterography due to suspected small bowel hemorrhage, but the examinations failed to provide a final diagnosis. The colonoscopy results are shown in Fig. 1 .
In 15 of the IACs, the colonoscopy stopped at the RCF; in 13 at the LCF; and in 3 in the TC. None of the endoscopic examinations were interrupted in the SC or at the DSF. The detailed demographics of the children with IACs are shown in Table 1 .
In the statistical analysis, the χ 2 test showed that ICs were more frequent in children weighing less than 30 kg (p = 0.0006), both in boys (p = 0.009) and in girls (p = 0.048).
The risk of an IC (the odds ratio -OR) in patients weighing less than 30 kg was 3.995 (95% CI = 1.489-10.720) and 3.373 (95% CI = 1.078-10.560) in boys and girls, respectively. There were no statistically significant relationships between the completion of the examination and the gender, height or age of the patients.
We used the ICAR and MICAR to explore the relationships between incomplete colonoscopies due to anatomical or unknown causes and the total number of colonoscopies in the examined groups. The calculated values of the ICAR and MICAR in individual patient groups are presented in Table 2 .
The ICAR and MICAR are shown in Fig. 2 . We present only the data for children weighing no more than 30 kg, since the results for this group were statistically significant.
Discussion
The majority of the children examined suffered from IBD, which, paradoxically, may facilitate performing colonoscopies due to the rigidity of the gastrointestinal wall observed in such patients.
The ICAR and MICAR may be easier to understand for a child's parents than RR and OR. These ratios are easy to calculate and help evaluate the risk of IACs in the future on the basis of retrospective data. It is important to use these ratios together, i.e., to assess the combined risk of IACs for the age, body mass and height of a child. In our group of patients, the MICAR is equal to the ICAR up to the LCF, because none of the examinations were interrupted in the SC, which is in contrast with other studies, which describe the SC as being more complex from an anatomical point of view. 2, 4 In this paper we are reporting the ICAR and MICAR for the first time. Therefore, we do not suggest reference ranges. No prior study has attempted to estimate correlations between the assessed demographic parameters of pediatric subjects and the causes of incomplete colonoscopy unrelated to disease. Madiba et al. found that the SC is significantly ICAR -incomplete colonoscopy anatomy-related ratio; MICAR -modified incomplete colonoscopy anatomy-related ratio; LCF -left colic flexure; RCF -right colic flexure; DSF -descending-sigmoid flexure; TC -transverse colon; F -female; M -male.
elongated in adults. 24, 25 In our opinion, the SC may adapt its structure (length in particular) to the digestive lifestyle of the patients (for example, different defecation frequencies or stool volumes). The SC is longer in Africans, whereas their mesentery is comparatively narrower; older age is associated with an elongation of the entire colon, reduced elasticity of the colon wall and an increase in colon laxity. 26 However, in the present study, we cannot compare properties of the bowel (length and number of flexures) in the respective groups (defined by age, body mass and height) and their relationship with failed colonoscopies.
Elongation of the colon and/or complex colonic anatomy may be reflected in an increase in the time required to insert the colonoscope into the cecum. Hsieh et al. reported that time to be longer in women. 19 Sadahiro et al. demonstrated that elongation of the LI occurred along with increases in body mass and height; however, this correlation was not found in males. 26 This hypothesis was not confirmed by the results of our study. Other authors have also found no differences between the genders. 24, 25, 27 Other authors have demonstrated a relationship between BMI and the duration of a colonoscopy. 28 There is more intra-abdominal fat in obese patients, which contributes to the rigidity of the mesentery; therefore, the possibility of the endoscope looping is reduced to a minimum. In addition, obese or overweight adults are reported to have shorter colons. 5 Our findings confirm this observation: In the present study there were more complete colonoscopies in heavier (>30 kg) patients than in lighter ones.
Our results may also confirm the observations of Hsieh et al., who indicated that waist circumference (larger waist circumference associated with a shorter insertion time) is the most important factor for a prognosis of difficulties with endoscope insertion. 19 Hanson et al. stated that ICs are more frequent in patients with BMIs <25. 4 Other authors agree with the idea of the significance of body fat for the performance of endoscopies. 2, 18, 20 In our group, a substantial proportion of patients demonstrated varying degrees of undernourishment due to their underlying disease, which also contributed to the incomplete examinations. Others authors' observations contradict these statements; Khashab et al. reported that a higher proportion of ICs can be attributed to relatively longer colons in patients whose BMIs are ≤25, and in women. 5 Struijs et al. estimated the length of the LI as 122.4 cm in children aged 5, or with a body mass of 20 kg, or a body height of approx. 120 cm. The LI gradually increases in length up to the age of 5; from then on, LI length does not increase significantly. According to those authors, the height of a child is the best factor for estimating the length of the LI. 3 We agree that a colonoscopist's experience is one of the most significant factors affecting the success of the examination. 29, 30 We also share the prevailing view that the entire endoscopic team should exclusively perform pediatric endoscopies. 31 As far as complications are concerned, we observed only minor bleeding in individual cases. Other studies confirm that the examination is safe (a complication rate of less than 1%). 12, 22, 23 Previous papers have described difficulties associated with the examination in patients who have undergone prior surgery, especially in the lesser pelvis. These difficulties primarily resulted from SC immobilization and a higher number of SC flexures. 4 A small proportion of our patients had a history of surgery, usually involving partial resections of the ileocecal valve with end-to-end anastomosis, which had no significant effect on the examinations.
Thakkar et al. reported that up to 15% of colonoscopies do not reach the cecum. 12 Our results are similar. Our study had certain limitations. There were difficulties associated with the analysis of ICs and IACs; we were unable to predict the course of a colonoscopy in subsequent LI segments (whether the examination would be complete or whether it would come to an end at the next CP). Also, the study was limited to a specific group of children; the majority of them suffered from IBD, but the examinations were not carried out during active phases of the disease.
Conclusions
Based on the results of our study, the following conclusions may be drawn: 1. Patients weighing up to 30 kg are highly prone to incomplete colonoscopies due to the specific anatomy of the LI. 2. Anatomy-related colonoscopy incompletion did not significantly correlate with the height and/or age of the patients. 3. The ICAR and MICAR are useful in predicting LI anatomy-related non-completion of colonoscopies and in presenting the risk to the patients' parents in an easily comprehensible way. 
